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(54) MODEL SIMULATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide techniques for tightly 
functionally coupling submodels of a partitioned model for concurrent 
distributed submodel simulation runs. 

SOLUTION: A technique for distributed processing a partitioned model 
is provided based on tight functional coupling of multiple submodels of 
the model. The technique includes, in one embodiment, providing each 
submodel 300 with a generic coupler 302 to enable processing of the 
submodel 300 on any simulator instance of any simulator. Submodels 
300 coupled with the generic couplers 302 can be processed on the 
same or different coupling units. The generic couplers 302 facilitate 
communication between submodels 300 through a common 
communication directory (CCD) by using functions of a generic coupler 
shared library 308. The generic couplers 302 further use functions of 
the shared library 308 to ensure integrity of data transmitted between 
submodels 300. 
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FSitt % ailtt^^MI^LAN (local area 
network) tWAN (widw area network) <DWJ5&'£fc 

iO, *3SWCAFSSr«ffl'r5rt36S-e*5„ $6 
ic, ±BE*S*tett#»»«? f -f i-^ h!l (CCD) 
Sr#*Sri:*«^#5p ^CCDtt*^5-l 10> 
1 1 4 T**fe^*3Sl!4l«7r^>H 1 8& 

40 /us fcr±»w s tifcf-^^/Kojea^tt* sitcc 

1 0 8 t 1 1 2^*^7-1 10tl 1 4%ftLX 

^HSr^S^r-f/n l 8co5^?^>?S< t h \ *o<oy 

T^/WC*Sii4>o ^fcV^T^ ^7^7-114^:^)77 
1 2{Cft-t 0 ihy^x/V-l 1 2*^fef-P rj ef f /H 0 8 — 
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[0 0 2 1] -mmMMX-lt, «ft7r-f;H l 8J42 

T-t4, — ^ro^r-f/Hlf-^x/n o 8 /^kf-y-^x 
/H 1 2 icf-^ ^rfeit S rotftf t S r t iJ5ft > 
M%<07t4M$-9-7 , *7*/\'1 1 2^P)f-^x/H 0 

[0 0 2 2] gUroH»ffiT-(4, AW73a^«:)i*5fc 

14, -M7T4M*$k&$}t£7' i }>-Y - o trv^-e 
SiiS. fft©A/7-mo77>f;vSri 
»£i2^Ld3 4?C&3t::J4, ^Og&icf-y^x/K^i 

[0 0 2 3] ± : $&Ltc~>x : rM.k T^^if • 

>fy?7x-xit *wn<n*n<r>ohX\ %k*tmm. 

•feyf-, y-K WfA, 57— ??.<r—. >-3>, #4 
U«/*fc(4^trtj^-r5, &SVM4-?rtie>i: it left 
JiH-5ci:;5s-et5„ fct;U4, ayfa-f^y^- 
I- ©5 HloliUN I X(R)T— ^ 

m^Z>z. ktfx-ZZo 3=fc, ffiroSro^*xA>b#3Pj 
• -y^i/- #&L<l4>f v*'t 3 CD7'l' 
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ys-wwrnk Lxftm<ot<v&&m-rz>z.ktfx-z 
h) „ 

[0 0 2 4] KT, ±5*Lfc4 5t£s #3g9!c9«yi£JB 

fl8£H2 (a) (b) (c) ^#.H8LT^1-S„ 
SJO^x/l- 2 0 0 (4, fct ^«S)#3 Xtf-* > h 2 0 
2i^Dy^/f^^/l/ •xyf-fr^f2 0 4&ffiz.X 
10 V>§„ S'^/f-^^/l' • xVf^f^ 2 0 4f4IM£ 
ay#-^y h 2 0 2>4^{fc;L5 38S&$:fe5„ 

[0025] asic mfem&favm&m'm <o^y 
f y y-K 3st.v&§t&mx.x^?> 0 mmfe 

iVf -f r -f \&9 n s/ ^ Lfcffi^Jhro ^ n y ^ 

^ n y ^ WJcDi^^ ^/K^»<5^Ttffc/j:«[*ffl^-r 
5o J'OY- FV7'l'm&V\Zi'Py# '<<<<> 

20 • b'V7'ymmx'&?vyi?/-y-4?/i'M&mmir 

5„ ±E2a«offl^(«tum<D3i^7 : -^x^S:fflv^ 

[0 0 2 6] -*»ffiT-i± s ^-^Hi, fci:^«02 
( b ) (Cpttt^i-tJ-y^ex/t- 206, 2080945 

;U206 t 2 0 8<Dl)#=3V#— ^>K4Affl732 1 8 
Sr«x.TV^4 5(-*t>-r-r t/45T-#So AH37J2 1 8 
30 (4f-^x/i'F H 1w-r-^^mffii-'te^'5„ 9ny9/ 

fcSiiS, f-7-^-x^2 06t2 0 8 60r B 1iC^#LTfc 
t). f -V^2 1 6Sr^-U-C^$JuTV5 4 5lc*i> 
i: 1£X% 5„ ; &7 J -'i'i4-^y' ; E-x>'Kc^SiJi-2) ;ti}i 
T*#S„ J&JUCI4, f-y^x^2 0 6COA73^f-7' ; ex 
^2 0 8 omtifrbftMi-Z k k h\z-9-y^7 : ju2 0 8 
C0A7J^rf-^x/V2 0 6K>ttJ^j*»P>^Pi-t-5 0 

f-ff^ 2 1 4£^*/W2 1 6(Dtr^T'^#J1-5o 
40 [002 7] 200 ©H-^^^Oflfefeteft^ 

2 (c) Id^fo 57«C01WI4#^^A73 2 2 
2, 224i:W7J22 0, 2 2 6 V&*At&1<&f fr* 
$il&t6Z.b~Qb<0, %m\~&%&Z>-f'<X<Dy-y'*:7 ! 
Mz&mo? v y ? ? • iy7-f7-f Sr^ai" 

f-ff^ i4#f-^ ; e7 f /'KC*JI, ^"C^ d y ? A* • 

#-h2 2 8, 2 3 0 t LT«*5-t i t 
[0 0 2 8] SE|R©^«H:a<SB«Siifc>fv^7 3 i- 
^*SSti-5A^lc4S7 0 n-fe^, ^fci4^>-^7i 
50 -^fcflH8i-SBilKftjlli-57'^=fyXA-7'n-fe^|c 



15 

fijy p -fe * roM^Ei £ tux v>S„ 
10 0 2 9] #3681 to— Wffii: U s ^^X«, 3-77 
^•7 /Kc-Y LXfc i ;U±W<£ 6 = vt'^ 

f^V^ • a=y hX*fT ^ttXV^f-^-r^roil 
{i£™c1~S^ffl#77-£#^1-So -troiS** 
77-©-#J, :|3J:tM^*7:c— *®Mso-0iJ£rl2l3 

[0 0 3 0] -^ft^ftt LX, 77^7^-3 004V 
HDL(VHSIC (Very High Speed Integrated Circuits) 

Hardware Description Language) £:JflV">T3S:fo"t~o V 
HDL it I EEE (Institute of Electrical and Elec 
tronics Engineers) tm^tzMW (VHDL-1076)Xfc 

S„ VHDLt:fcitS77^7/y{±. rrtsv^v>5 
fct>iocottj*3 l o, 'M<Hlo 

AA3 12, jUJ^B^/lNf #-h3 1 4 

£«£fc^V7V7--fX&S„ wCO^ffi^XI*, #7 
7—3 0 2l-±h'y~? • V^A? • fl"fy — • iVf-ff-f 
3 0 4&rifx.XV^„ -tLX, hj/T"- W<A" #:/7 
- • iyf-ff-( 3 0 4 SMVHDL hy7°- W<A> 
■ xyf-ff-f iiRfflVHDL7J77 — • lyf-fr^f 
fc«5tT^5. -«JKS:XI4, V H D L \- y~f • W« 

5. aUP*- McttW**- h 3 1 6, A##— h 3 1 
8, tot&tuyt/WtlU- ;tf-b3 2 0#"ifc5 0 
(00 3 1] VHDL hyT*' ^•iVT-ff^ 

-f^y^^y^klfc©*,, ^-h'-^yy^LX 

h -yT" • l"</KO{t#{-^1"S. -77*^7%^ 3 0 0<D 

-«*H4»!:SH- 0 *afflVHDL#7°7--^>-7V7 

-f©-W4i5tSt„ -tLX, VHDL by 7- W< 
A • rcy-r-fX'f , &.£T)* h 77 • u~-</y • #77 — 
xyj-ff-f 3 0 4 if-7W/y3 o o b<om<omwm 

5££H 6 t£*-f<, 

[0 0 3 2] H3©#P.Sr^it-5o h V 7 • U"<rt' • * 
7°7- • xyf-ff-f 3 0 4©AM- h 3 1 8 tffiTJ 
tf — b 3 1 6 ft-T^T^y 3 0 0 ©A* 3 1 2 £ ttiTJ 3 

1 Oicmm-^S^StVO^o rtllCilJ, #77 

-3 0 2 tf-T^x/ys o o t rofflroama 5 "int-ft 

6„ ^a;/^/ih^^/y-7K-h3 2 0(tf-7'^7 = >3 
OOC^d yi? /^A ■>/ /V • #— h31 4(C-7s/7 p $tt 

0ro7P7?/lM'?/y • atVx-fr-f 
Wtli-ftSo *^7-3 0 2li^By?/f'f^-# 
- r 3 1 4 ©flNf-fcfllfli LX, fflTJ 3 10 j6»&»]0-if-^ 

CCD;6»f>A7j3 

1 2^7*— *«r«Lfc»>i-5. £e>'C, #77-3 0 2 
«*7 p 7-*#7'f7'7y 3 0 8&ff*.X^5. #77 



(9) M200 3-3 3 0 9 9 2 

16 

-**7^f 7*7 y 3 0 8 •77^7/i'^Atti73-r-5 
7-£ • 70-^7-3 0 2#$9»1-5©$rTOBfc 

[0 0 3 3] — JttfBMFrTfli, ir n y 9/^49 As • # 
- h 3 1 4 X^b^^ttl £*l S i: > *77-*^7^7 
7y 3 0 8»tfBJM„ 7J77-3 0 2ii*77- 
**7-T77y 3 0 8:Sm^X^S«MB (E17H210 
##.) ^ftot, •y-7>7^bttl7J{t***-tCttS 
*ttS*)i«5fefci:x.«CCDic*1-, fcS^ii, A*«t 
10 fcfcit«CDD*»&A*tff«**«)*ottf«S:-9-^ i e7* 

[0 0 3 4] —mutt* #77-*#7-f77 y f*C7 
n^7$v^rafe8^X"*Se - t5C: t* s X#5. r.co 
-**Jf0fSX(±, #7*7-3 0 2ttS&KU hy^-y* 
;y- #77- • zcvf^f^ bii-fy-^v-i-fJ^) 
S;^y^7x-7t5> VHDL--<DAPI (applicat 
ion programming interface) 3 0 6 4"ilBX.XV' , So 

[0 0 3 5] fiTFv *7"9-#*7'i y"7Vim?L, # 
77-^CCD^f 3 7-^SrA^1--5tt, ^itfCC 

~H 1 0 LXif »(d|l0^i-S„ 

[0036] s -y-7^r /y^» <b sij ro-y- 7-=&7/y (ex - 

7TT-5o -^WfiX-tt, crc>7-^4H17ic^-ras 
i-^o X 7 7 at? o 

[0 0 3 7] *-f. #77->5*#tiMr'<t7-*£t"! 

(5 0 0) 0 -H*^*XI4, l3-fy-ft^<n 1 ?—9<r> 
3t°-^D-7J/yE1ftai« (Hw-ft-f) Jc«rtft1-5. r 
30 <ot&^Lfc7-^ (iS^Wili^llfT-rs^o-r^ ^ a- 
X^tc/iSBTffitt^feSo 55cV>Xs 7J77-I2«#& 
^■fflrofo S 7r-f /y^rSc^-lJ 9 ffl (C^"— 7y L (5 0 
2) , aK7T-r^*HE^StoXW8ifll5*«s*v^»if 
5A»#y3-KSriS'<5 (5 0 4) „ sa&ft"g##fc$ 
tLfcb, • : e^^tt±E77-^'/y c ^'07-^/5*iEL<^V^ 

iiA/fd%roxfo5o i:^5X, fii{f«tta^Xf4, f- 

40 /H!i»*iitrrofclfe5ltel©WSrT-CHl 0*#B8LX 

[003 8] 07 ro#"f.£fE(75<, S^if 

(5 0 6) , 7J77-liS^f^8bXfo5^5 
J»»ftik«5 (5 2 0) „ Yes©»£\ 77^/V^^o 
-XL, 7J77-iiSii«at6&WHl1- (5 2 6) D 
ffig'tailco-HifS^ffittTXIll 8 Sr#J!S LXP^f 
So Hiim«lli±$fefi : -y-'f ^/Hfo-*A««S!ittfc» 
WLfc7-^**77-ic«^L, 7r^^©7-^ 
©##ii^Srij[*>KjHai1-5 (5 14) o 7*-^©»ai 
50 flt#*S*T?>!cv>»# % 7r-(;H:?a-XU tjT 1 ^- 
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H*#»*¥WfcHTi-s (524) „ -mmmmx- 
[oo3 9] waKse#as#£L&!^#a\ i3~? = 7—\& 

l/3-KtINVALID (•$) *c\7 9 9ftt£\^ti* 

t*5^ia-<5 (5 0 8) „ t^twi^a- Kfc. 

*^7-li77^^^a-XL (5 10), 
»*#«SrfcJ«>!5»&H*&1-5 (5 0 2) „ t^TCVa 10 
-KiUNVAL I Dt-7-^ilt^5«^tli, S 

a^fflt^— T'V-f-S (5 12) „ 
[0 0 4 0] iffclc, tt^— ^'SrSR^rWA't 

#tatf (514). -mMBMX*l-£, U7°7-\m& 
77^/HD#l'3- KICVAL I D (*$!) 

s f—9£.ttmtZ>9* v9 • t-Jtfr&ftfcfZiifO-X* 20 
fc5„ l«^^3-K#^«-*S^T-tt, Si7r-< 

KCVa- KH*TxW i: LT##i&tr 

w^fliLVN (51 6) „ -mmwmx'H. 

S„ rofci:, l^r'f/^^-XLfc (5 18) 
©*>, #*3i*#WH:»7-r5 (5 2 8) . 

[0041] sxr, jj^—iim-mmm&mm-zto 30 
s„ 

[0 0 4 2] *"f, *7'5-H:»ta*fflt7rWA'Sr 
(6 0 2) . JkV^-C, *7°7-tt5fefi 1 iJ--l' 
^AT'^^tbfcx'-^«#L (6 0 4) , ^*l£± 
E77^/H£#t3&tfiWit&1-5 (6 0 6) o rrofo 

[0 0 4 3] x-^Sii«©^20g|5^(±CCD^P>7 =f 

[0044] *-f, ^^y-i^oyVt-f^^-* 
- h&^LT*©*:7*xVu#x*— *«:i6MSfc LT^5 
^t^ffltto*), WE*fi9#)BS:BII*M-5 (7 0 
0) . ^y-^lM-f^fMCAtJir^y 1 -^ £ 

—•7>-tZ (7 0 2) „ &^T\ A7 , 7-^at7-^ 
*±E7r-fA-a»bP-Ki*5 (7 0 4) . 
[0 0 4 5] iWd, VALID*t7^^, jESt&MS^ 50 
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i/3-K#t, *Jj;U : jE5fcrj^opl-(DD--f *A#-§-£*> 
S^ifpA^IByr-f/KOun-KiltrW^S (7 0 

8) „ fcs-^^f/nftSA©*^*?' yuj: o t5i<*aa 

|g7r-1'/l'^^t3-XLfc (7 10) (Oh, WifrWL'O^ 
MtriftQS-f (7 0 2) . 

[0 04 6] -t^-X<D U=t- Y'im^M <o icm Ltcvm 

#*fcO R «rl+^i-5 r. <b 1 <fc 0 x* -y * f - AflttSrjmi-f 
5 (7 12) . fcfcU tl^U'a-KBfiy^ni 

5x*y^^Affii:SrJt^1-5 (7 14) „ 

[0 0 4 7] 20©f x 5-^ tAfi^-aUlf>i^ 
*^5-»4=7-«r**bfc. (7 16) 
W^T-feSri^^fl^S (7 1 8) □ Ye s <DW&. 
a^K^9ffi7rW^^O-Xtfc (7 2 0) © 
*7°7-l*Hj^B^*#)iISrBI^-t-S (7 2 2) . 

wmm m*mmx'®.t>tium<r>-m*Tx*m 1 o 

&*9®f (7 0 2) D |)l5^Bt9¥)BH:fto>»#a*# 
#SaHt«r£fr1--5*-C» 0 S-Tr £ fcftS. WitHS* 

xuots v?wm*%n-i-z> (72 

4) o 

[0 0 4 8] 2o©<riy*xA<ttflS-ifc-t5i§-§\ * 

^D-Xtfc©*>, t#ii^ffltt-7"VLt (7 3 
0) , 3K7x^»«*©tt*tt9*lCStt7T'< , A' 
fcft-CV *5 d & ££n P>*5 £ & ^T't 5 

INVALID («$)) i^-^ttttS. JJCVT*, Sit 
7rf ^Sr^n-XLfc (7 3 4) tfT^-tttt 

^wommmr-rz (736) „ hob^x, 
xm-rzbfcX'%z> 0 

[0049] KT, *^9-!i«ffaifi«rS*i-S©K:* 
[0 0 5 0] *7°7-/5SSg^.St!jyn-fe^(D|HCxaS' 

(800) „ *-f, *-?7-\*77<<^*mz&?>-m\z. 

t-7"VL (8 0 2) , m&y74fl'(0%r\s=i—y\zlft 

(so 4) s^r-r** 
^n-X-fS (8 0 6) . dtucitK *©»ta*# 

jtw afs mig^ (07, 1a 8 ic* Ltc i. 0 \z.) mn-t-< 
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[0051] -mmmmxtt, mm^^^omm&M 
mwi-z> r 4 ^*w^m ") -tz n t &3iifM $ 

ife ^£ V\, LtzfroX. S^K91Uictt 

[0052] -mmmmxit, ^5.=.u—>a ^mnrs 
mftmm-fz>z.ttfx% ?>„ m^mmmmxit, tct 

av ^7/ y >r— *s 3 v • 4 * {ctdtei3i« 9 a -c 

v\ §bic»J(D*»ffiT:*i4, foZM-erfc^xDlr^XO 
^b&X%Z> a 

[0053] *?>{^iJro*Ji5#ffiT-{4, 7 7f/M=.#t 
5Atpro 131 Lfc^ffiJC fo 5 t* - * SrSi^ 

[0054] £ btcglJO^ft^ffiT-tt, f-T'^y'/WSrfe 

* \z.t>tz <o wnm^m^ir^ z. t &x% ?>„ #-< * 

t>%m^n&m\mmtcitz>m&<D??-xhz> a rco 
±5t> 4>*?>*m\?.±fch hx#mmx 
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[oo5 5] rrt-^TLfcit^wiact^ 

i.oiz.mi&nztk-b^ &%tmm.^oZ>£o\cft. 

[oo56] e*±, ^pji-^v^x/^aro^^-^ftij 

hxmm&ti 

xmw ufc#^r ^jfei^-^^xA, ma^x a, 
20 lt, mcysm*?'» , ±.o&%z^— k^*t • 

[0057] *»wtt)fet*.«3^tf=.-^?i]ffl^r«ite 

=> ^ tf ^ - ^ >J vim?* 7 a ?y A • 

30 i:tT'#5o 

[0 0 5 8] «BJlcJ;ttl^ v>y|;J:ot 

fc 1 o©7"n >fyK 1k^im\Z.W®. L1t'Pt£ < Hlo 
[0059] rri^Lfc7n-f-r-hl»/j;§«li: 

[0060] et±, r r. ximmtemmrM&^-r 1 1 
t icnn l t »+n t* t . a t o x m b a»tt «t 5 

{c, 3W5Wk»*Bo 5 Win, Bm^if 

[006 1] -UbibkLXSXTn^&mTFirZ, 
50 (1) iMW**i,fc*9*^© % tBlW7*e7*fr&£Xffi 
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(Of-f'&fA'iM ^9 y ^.—T-lr&W, i ©# 7°7— £W 

{f-fS^XS'T't^ iWlEfg 2 ©If 7^X>^--f y^7x 

-^i-5^2W*7 ,, 7-Sr*{i-rsx7 1 -y7°i:, itulEfS 

2 O-^^-r^-ffi LXttm-f 5 7>x y ^tfcot, 
H«IBB 1 Ot^f/^ i-O'WIEM 2 ©XT^xVl^lW 

(2) im^f^mmm-ah^s ±ia cd (-ie« 

©#8;„ 

ft«£{f;l-CV^ ±m (1) t£lEgl©#fe 

(4) WIE-gUTMai-ax^yT 0 ^^ kicffifESgl 

«ia-r 5 xv- y-ft mm 2 roD-TW^s? 2 ©*>- s 

3.1/—^ • 4isxy-y7>±.X®mirZ>7."ry7°b%m 
x., tfrffiHl ©v-^u-* • W teirlEfg 2 

rc>~>5 ^.w-* - ^y^^^t^!), fifflBigl©^ 

(1) icmM<olrm 0 30 

(5) ittiam©f ?^t"-* • f >**>-xW:!gi© 

Hc&e-rs, ±ie (4) tcis«»*-fe 

(6) >>ti< b t> 1 oroiJ-T'^^J; Wtt-f-s^T 0 

/IM^- # — 1- WPt£ < it.locD^os'^/-!J--Y 
^ /HI ^Zm® U W1B'>& < i: *> 1 oro :7 n 5, * /f- 

-r ? /Hi -§-iiHuia'>^ < 1 t> 1 m-y-y^fjubttm-t 40 

5#7°7-i©P B lTiiufE'>;fe< £ 1> 1 oro-^y-Z^tifc 
3, ±fB (1) {clEfcW^fe 

(7) Mmmi<D*y*7~&£x?wmm2<Djiv~y-<n 

0 fc t— h yy° • V-n.^ • 7J7°7— • 
yy^Tj b*7°7~&#7-(7'7}) bZMz.^ MiBJg 

1 <D%7°7-iS£tfwim%2 ©7J7°7*-© 5 

fc< b$>-j3tfimZh-y7° • \"<J\" #7°7-- ^7 

a t- -f *m v vrMlSfg i ©-ihT^rVufc J: tftMESg 2 © 
if7"*TVwifiB'Jfc:g^U ME h y7° • u-</v ■*/ 50 
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fblOWffl^t, Bfl|EMl<75f-7'^7 :f /I'*3j;t>'WiB^ 

2 ©D-T^rVu© 5 *>©4>& < i: fc— #©#115^ oy? 
/■f^f/u- 7$-h\c-?-y7°&fctcmk<r>tf-hb%m 
x., mu^i<oti7°7-i^i.nW\mL%2(Oio7°7-<oo 

%<D>pt£< b \>~ttmw>iJ7*7-&%7 47*7 y %m 

v ^TiiuE* 7°7- i: OTE^ y7rt <Dmx*7-?- 
ir6, ±12 (6) {c|a«ro*fe 

(8) ttlH^<-y7r««fr^«^, Wtaa««t« 

MIES? 1 (D107°7 — tfWEIg 2 (D137°7 — b <D?&X7 — 
**m-rbbhlz.mL-fZ>'pfj:< ttloro/n 

fc«*.-c^5, ±B (1) tiaftro^fec 

(9) mm-%ihxmm-z>7-7-y7°fri£bK, mmw, 

y-zwm'<y7 7\mm\^. mm2<r>*y°7~-izmL 

2rof-^-r/Kc#fc^1-5x-ry7 B i:, iESItiE 
mfctZ>*7y7°b*mx.Tz, }M (1) i-iS*W># 

(10) |fIfB-Ktt5rftiiEl-5^7 1 3'7 p ^ s Mm?-* 
\z.^^yy^J*m:mX-f%7. : Ty7°b. IWESIl ©* 
7-7 -*s j; tmiam 2(DD7°7-<n>oh ro-*-^t{rlE^ 

7 r 4" witiiEx- ^ SrfS^Tltflfax- ^ OIEIftttSrfiJ 

1 fio* 7"7-*5 J;t>*BfjfE^ 2 (013 7° 7 -n 0 hcotytn < 
0=fEf- ^ ogfia/^ y 7 7 A» 6 9 W 5 © 

(9) Kfaicwm, 

(11) WEff A-TS^x y 7°*^ iilE^ y ^ 
>pt£< b fc 1 o ©^s^sratrsax- ^ I^Sffil- 5 7. x 

•y7"?r{ix.TV>Ss ±IE (10) (c|B«©*-fe 

(12) mmm^^yytiK mmf-9<omiz.t£f 

*yyVMmmUirZ>7.7y7°b. IWBSffcft^y 
^ f- Aft t iHBx ^ y y -9- A fit b % XMct 5 x r »^ 7° t 
±E (10) tci|B«ro*-& 

(13) Htria-KttSrf*!E-r57;xy7°/i5^P 3 ic, hUIH 
'<y7r\c, ttmmi<oi37°7-Am^^Ty J t^s! 
mx-foZ b b h fcffirSMK 2 <D*7"7-t>mV%. 0 T7-fe 
7;-5rB6^^l©-5£7T^/i'«r*«-r57s7 : --y7°t. Id 

wffi-efc 5 i fc t, ictne« 2 ©* 7°7 -as* t a^r ^ 

ir ^-srffi/iJR 2 C0-^7 7 -f *1t1Htt 5 y 7° b , 

Bf^©liflFt?> Wias 1 ©* 7*?-as»iB0 1 co-^7 
r'f/H^ga*, ffiiESg2©7J7°7-;6Sffi|BJgiro- 

5S7T-f/^P>^SlS7.7 l S'7°t, HtffSBIf^WJiiff 

HtFfH^l©7J7 P 7-^Bfria^2©-il7 5'.Yyl' 
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(14) x£lt?>x s rvzftf£h\^ 

-fcmm*McM{crz><r>Z:®^-tZ>, ±E (1) 1-15 

(15) ffi!S^x^#VHDLT'*£txT^ ; 5. ±15 

(1) KEttO^ft, 10 

(16) ftm&tittf/w. IlOt^f/l'feitJ 5 

AT'fcot, ^SlI^ttfc^-X/VOlKl IV 

tM 2 ny-ftr'rA'b Sfgtfcot, itllEfg 

I ro-^^x/Vi6S^ ^-fSH 1 tf>#7*7--£ 

^•t-5^2£0*7°7-«:*(i-rS#Sis ffilS^iro* 

- 1 fflriaas 2 <z># 1 v * ^ *— ^ 

ftT?|)ot, fflf5^1C0*7°7-tHul5l|2ro*7'7 

- 1 co Pfl fc^ y 7 r & 5 #S t £41 *. t „ 20 
MEH 1 o^7' ; eT f ^*3 £Xf#m%S 2 ro-^y^e^/i'Sr- 
jSLT*aai-3Wt?fco-C, buEH 1 (D-f-y^ivia 

axfumm 2 ©ty^ef^sitiEi 1 ©#7*?-, tuE 

/<y7r, *3«tt)!HuE^2 0*7 , '7-*ffl^Til{f-t- 

(17) «HB*9*/u#||3lKf|-tffc5, ±E (16) \C 
Eitro~>^r a„ 

(18) HuE-ffibT^Si-S^^ttlE^iroi?-^ 

II iimE^ftftHffii-s^a^^Kk^B-fe^aipsji*. 30 

TV>5, ±E (16) (cEitO^xA 0 

(19) «rEHBUT*aa-f5#fik*i*6>fc«HEKiro 

■^y^-x/wsr^ 1 <d-> 5 a l — ^ • >- ±-e*a 
g-rs #s b mmm 2 of-^^^ss 2 © 5 * 

* •^y^?^±t«ffltSfSttM, MESgi 

Ov'^a^ • 4 2(0*/$.*. 

* --fyx^y^t^D, HfrEBirov'5^^— ^ • 
v;*.* v^fifuE^ y7r SrfflV'TfJE® 2 a 

w-* -^^^irilftl-^K ±E (16) Km®. 

(20) tuE^iro^^al/-^ •■^V^^V^fi^l 

.=L=. y McHTtttS, ±JE (19) teitro^y 

(21) '>4<Hi orof-7'^-T f ^*3£tJ ! #ll-t-S* 
7°7-&'J>f£< b i> 1 oro^-^^tifcx-y- • h 
*5«fctW o y y/lM' • #- ffcirx-s ME^ n y 
^/f-^^/l"7t?-htt^< fctlofc^Py^/lJ- 

-Y * -Mt#&tt# U wia^* <tU^o^/ 50 
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iM ^/Hf -^!±WE'>^< i l oro-^^xA-fcttBi 
-r5*7 P 7-fcwp H 1T'ttlE'>^< it loOryj'Sh 

ttS> _kE (16) tEiro^fA, 
(22) tfiiBm©#7*7-*5J:tffl&^2©#7'?-- 

tt-^SFy/- U"</W • #77 — • 

xyf^f-fW/y-M^yyy^il ifE 
ffi l ©#77-*5.fctf jWEig 2 (Dljy"y~n 5 *,rofiE 
tt-^mlEh-yT 0 • w<A-- #77- • ^ 
f-ff-f^v tuE^ i o-f-f'efivis i. 2 

77- ■ x.-s*r4 *r4ft'pt£< b t loOAAi, 
<tfclo©tt|*t, Si)E^iroD-y ;: E-x/i'S3J;t) J BuE 

yfishttmknx- hb* 

to*.* WE^iro*7°7-*3J;'0«H«E^2O*7 P 7-(D 

±E (2i) tEio^T^. 
(2 3) W1E^y7r*iiftiSEj*:*«*.» iJESffiiEft: 
fSiifFEfg l ro* 7°y- 1 ME^ l<r>f>y°7~b rop B lx*x 

A<Sr«[^T^5, ±E (16) (cE«co->^xA 0 
(2 4) HtfE-«L.T^Si-5#S?5S§ib(c:, DfrCtfSi 
<7>* 7° 7 -^WE^ l <Wf :/^7v^>e>lx# Lfcx-^ 
SrWE^y^rlcaHtU BilEM2©*-7 D y-^|{rEx 

-*fc«nE'<y7xa»e>is#u hW57 ; -^^we^2 

Sr»^$*5rt^j;ij, MEx-yc>-Ktt4r#SEi- 
5#©i:^{i^fc. ±e (16) Uieitro^yA. 
(2 5) tfrE-jrttSHSHrs^fiWS, MEx-^l^^ 

*yy-xAffl[%ifAi-s#®fc, «io#77-*5 

BfTEx-^^iE^S^ HuE^lW^^y- 
*s it)««iE^ 2 coiiy-y-n o hO'ptz < t 
iEf- 9 <Dw\U'< y 7 y —coSi@|{B 43 i tfiuEx - ^ 
©ME^ y 7 r d>f>wS!S&-I& IP 5 1 1>- 

^SrfT*5#S;i^#ifc, ±E (2 4) fcE«W># 

(2 6) ffrE#Ai-5#^, flWEf-aiyy-lKMfteW- 

±E (2 5) tcEi$GDv'*7 i A 0 
(2 7) irlBW^S^SiS, MEx-^rofffc^^y 

bmi&?*y9VJ*feb*\mirZ>^WLb®X.1t. ±E 
(2 5) (e:E«cro^y.7 : -A [ , 

(2 8) MB-Ktt«rftlE-r5#»#S&fc, mtE^y 

7ri-. iwa^iw*7"9-^##5i^r^-fe^wffi-e 
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ht>b bi>^MfSM2<o^y"y-* i U^R , 0T^±^ 
-5 b b i>tC]M202<o*7*7-;4**#&.^T ?±xssm 

frbmz)Mz>mx.b, immfe<»mpfx\ WEi£2<o* 

y°y~ ^WES? 2 <o-3i7 *t 4 Mcm%&&, WIS^i 
(D^y°y-tmW^2(D-myr-i J^bm7m.^&. 10 

tzmz-tc ±m (2 4) icia«ro->^^Ao 

(2 9) ttlB-Y^^^^-^^-tirS^sr^^^, WE 
y< y y r 4»©7*-* *Kft VxmmmVr*W&ir?>^$k 

mm 2 (Df-y-^^m^mim^m Lxmm-^mm 
*mmik-tz<DZ®mc-tz. ±m (ie) tcE*<o-> 

(3 0) iffE^X^VHDL^&Jl/O-'S, ±E 
(16) (CE^W^x^ 

(3 l) ftm&titcff^n^ MKD-fry'^Tfi'-tsXif 20 
3? 2 <D^y'^f ! /u%^ts!^%i<DVy'^fr*!&m.irz> > 

com 1 WT'^rfn'b % 2 W-ftfAr t fr, HuESg 1 
COf-^^/H^-f y7 7:c— 7 LfclfSl (0*7*7 — USX 
tftffEM 2 CQ-tJ-^TvH^-l' V7 7:x— 7 Lfc^ 2 CO* 
7*7-&!«lU TOEfgi<D*7*7-ii!ffEI&2»*7 
7- 1 ©IWMRttfc'< y7ri: J; oTSfllBm l co* 7*7 

- i: WEH 2 co* 7=7- b &<{ >7 y «— * £*5 r £ 
in J; <0 , e-g-f 5 i 5 (-jl^- LfOft < i: *b 1 oco => y 

bfaL-^-fv^-as.y h*ffi*., fliE'>ft< bi> io 30 

xxtmrnm 2 cof-TW^sr-e L-c&a-r 
w^2co-fy^ : f/vifimw^i<r>^y°y-, wmm^v 

(3 2) ma^*< fefclOCOa^fa.— • 3. 

— 7 • f7,7>'7*5,}:t)'02<O5'$3.t'— 7 • -fy* 40 

^^Sr^^ tflfS^l co->5 a u— 7 -^yx^y^ 

mfiE^lcoiy^^W-^ •^V77l'7iiSfl[E3&2cD*>' 
• 4^^^^b\XWfb, JbE (3 1) fc 
|2^C0-> 5 a W— ay--W^ 
(3 3) MEDICOS' 5 •^yx^v^i 
©ay tTa-f^ • as,- htf SU B&EsS2C0 

S/'aW— 7 • -i" 7 2 co 3 >h° a— f-fy 

^•asyH:«ftf5, ±E (3 2) KHEftOS'Sa. 50 
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(3 4) ^W^tifc^e^co, ^lco-9-7*^f f >'U*fJ:t/ 
2 coiJ-7' ; ex^^-&tP : ii*cof-7' ; e7 f /vSrfea-r 5* 
Stfcot, ^Sil^^fc^^/i-comicof-T'-ex^tm 
2©t7'*f;i'i:^t5^ry7 - ffeo-C > WES? 
1 Of-TW/V-riW y^7i-7f5^ 1 co*7°7-£: 
mm-t%* 1 ?yy°b, mz%2<Dty°*7 ! frtf'{>'?7 
*-x1-5|g20*7*7~&iWt5*7'77 , i:, WE 
fg 1 co* 7*7 - b WESS 2 co* y°y - b *4 v 7 y * - 
xJt5X7y7't*fcot 1 WES!iro*7°7-iWE 
m2<n%y°y-b<Dmz;<y7T*mm1rZ>* ! Tyy'b 
*tit^fy^i, WEJg 1 ©t^^itlW 

T, 1 (D1f7*^7/w:fc JEWESS 2 rof-T'^-x^ 

#WES5 ico* 7*7-, WE'<-y7r. *sJ:tffltnEiB2 

©*7°9-£J!l^-Cafrt-5, *7 77°t£fl;ifc7x 

*^*»&J*S^ft< tt>lo©7*a^9AS:*r»ttlCB 
IW^t 9 ■sjIB'fcT'n 7*7 AE«SIBc 

(3 5) t&E^7/V-^SP:tf-X*fe5> ±E (3 4) m 
E«C07°P7"7AE1S^g„ 

(3 6) SflE-ffiLTMa-r5X7 i -y7°^tfjEBlcof- 
y*7*^33 it^flEm 2 coi^T'^x/v-^^tfefeSI-rsx 
x-y7°4rfl|^, IUE57mfea-f-5^7y7 D ^^fC7 , n-fe 
*«»«rfll;t-0^ ±E (3 4) [cE*co7'n^7A 
EIS^Mio 

(37) WBE-1S UT^S1- 5 ^ J- y * 6 fclWH» 
1 (DU-T'^E-x^Sr^l (0->5 3. u— ^ -/fyx^y^J: 
•C«kai-S^7 i S'7'i: ^02^7**7*^02 CDS/ 
•^V7v;?>'^±-e^ai-67,7 i -y7 , i:^ 

^y^^v^il/i!), fffE^i<o-> 
V^^V^f4ttlB/<y77«:fflV , «T«nE 

m2ro->s= I -^-^ • ^y^.^ v^tajf-rs, ±e 

(3 4) (cE*ro7°D^7i=,E1Si^S„ 

(3 8) magl©*/*aV- ^ V^^^ttJRl 

©ay^a-f ^ y^ • a= y httSU irE2co-> 

y McHtttt-5» ±E (3 7) (CEi^ta^ 

AEitUBo 

(39) 'M<Hi ooD-T'^ex/i'fc J;tWtSii-5 * 
yy-tvptu b^i^Wyy&tiltT*—? -/tf-h 

^ /f-W • h it lO(0^D^/t 

W ^A»«#Srtt»U huE'>^< 1 1 1 oco7 a 77/ 
D-^T 7 /HI *ttl»B^ft < fc 1 1 orof-7**7*/i'tf+M 

•T?>*7 , 7-i:C0P^T'SfE / >^< 1 1> 10(OTy7***L 
fcx-7 • h^aCTr-7^igK|-r?.C0(C'Kffl$ 
tv5, ±E (3 4) ^E^C07"n7*7AE1t» 
(4 0) Mmmi<DZ7y-#£VffimWi 2 W*7*7- 
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co ? b fc— V y7° • U"</u • iJ-fy— • 

SI 1 <D#7 D y-:i3±WifJfES§ 2 CO^Ty-CD 0 h<Of»m 

■b-fttfmm h yf - v-</v • #7°7- • iy 
f^7-f £r/8V^Tiiu!Efg 1 cof-^x^fe.tt/MIES 2 
<^7W^i«3iJf;:g=i!U #JlB h y 7° • \"<>V • * 
7y- • xyf-fT-f»' , f< £ <b lOCOA^Jts '>ft 
< bh immtib, ffFlS^irof-^x^it^H&IE 
fg 2 Of-y^-x/n© 5 < b 1>— *roS&iE^ a y 

y/IM' #-Mc^y7°£fri/cif!S£©;#-h££ 10 

lulsmiro*^7-i3J:0mliE^2»*^7-ro 
5 £ t 3 -* r /5 3 tfliB*-7 p 7-**7'l'7'7 y £ 

JS V >T «Tia* 7*9 — i SWa^ y 7 7 t Xy— * Srfc 

±13 (3 9) iC|EttC»7°l3 i /7A|S^go 
(4 1) «iE^S'7T«S^^ii^, WiEiWMIIft 
tilftta^ l<Djjy"y~b B«lBfg 2 <D# 7°7 - 1 (DfflX'f 
-?*m.-tbbi>lc$mi-Z>'Pti:< bt> looo7°n h=r 

^ifx/tV^. ±1E (3 4) {C|SitC07 B t2^7A|3lS 

(4 2) ]iflfE-MLTM3i-3*xy 7*^ fJlE 20 

m 1 » * 77 HfllESI 1 0O-y-7^r7Vl^ h Lfcx 

-*£fJ!E^y7r{cj^f U iiu1Efg2 <ofsy°y~tm 
13x-*£iffilS^y77^<biR#U irlE7-*£i!>ilE 

ie 2 (D^-y'^y ! Mcm^i-?> yy°b, mmmm b m 
^iE-rs^x3/7°t*«x.fc > ±ib (34) {cmm<o 

7°D^7A|5lggg 0 

(4 3) MlB-Jftt£Ml1-5*7y7>\ mrtax-^ 
iC7^y^irA{e&#A1-£*xy7 p i: > fliefi 1 co# 
7 P 7-^±tJSifFl5^2CO*7 o 7-0O5*>CO-*^|B/-< 30 

y 7 r * CO tuIBx- * ^H^TfulEx- * COiESltt^W 

»f-rs^xy7°t, mmy-?fr*jEmtem&. mmm 

1 (M3-?y— feJ;0ifr|S^2 co#7°y-co 5 *>C04>&< 
tt>-*^, ft9IBx-^c0mrlB^y7r-~-c0Hi@|ff^j: 
tfilfflax- * oiiufE^ y 7 r 5> ©ffggiWR !3 co 5 *><0 
'M< H-Mlr^j^f'^^iifc^ ±1B (4 
2) \zMlfc<n7°vy'yJ*tmBm.c 
(4 4) iIIE#A-r5^T-y7 fl ^, bHEt^ y WM$. 

■k^m-h^yy-^m^ msmn-t^^yym, 

b 1 1 oco^sm#*BfJlBx-^ (cjgffli-5^x 40 
y7°*mz-X^Z>, ±B (4 3) icEfcCOT-n^y^lE 

(45) mmm^zxr-yy*^ m&y—fnmzfa^ 

^y7VJ»m*ftUirZ>Xy'yy°b, HrtBi&rfcfcT-* y 

t f- ah: t taiaf- * y y -^-Me t * *x y 7° t 

ttxfc, ±|B (4 3) (C|E^C07"n^y^|2lggg 0 

(4 6) BffE-S:ttl:»iE-r57.xy7°^S^(c, irt5 
^y7rir, BfllE^lCO^y^-^tiA^T^-feXW 
ilT'fcS b b -h\z.mm%2 o*7°y-^^t) T^-fe 
^•STffi^lco-5i7r-r/^«ffi-f5^xy7°t, tt 50 
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|B^y7r(-, SulSS^l cD#7°7-#8^&>3 7y-fcy; 

mfex*h 5 fc b h 2 -yy-^m^ ? 

*x^mtem2<D-&7T4;i>*mm-tZ>x ; ry7"b, 
FJf^coHIff-C'. i!tf!2Sg 1 co^/ 7*7— iJS«f|B» 1 co-5i7 
r-f/Kc##ii^ ffiilB^2co*7 p 7-^ff r | a ^iro- 

S7r-Y^^^m57;xy7°i:, HUEBf^coHi^ 

-c\ m^%2<Di3-fy-tmw.%2(o-myyAMzM 
WIE^ico^7 , 7-^8frlE^2ro-S7r'i'^ 
^t>^lt5xxy7°iSr«x.fc, ±IB (4 2) 
C07°cryyA|Elg^g o 
(4 7) m^^$7^~x^%xy-y-fft$h\c, 
ffiFia^ y 7 r cfco^-* LTS«f^r«t^i-^ 
Tst^ y7*Sr«*., itu!EKSigcit#:iiuE!S 1 OVy**?* 
*3 it>*|triE^ 2 <D^7W^£i^fh&l£S#SiJ LTbuIE 
-®W^S»ti-SC0^«(C-rs, ±15 (3 4) \z. 

mm<ny°ayyA.mmmWa 

(4 8) fftfE^-X^VHDLT'^^ttT^S, JtlS 
(3 4) (ClBicCOT-n^yAIBltiSao 
IHSDCOffi*-*^] 

[0 1 ] #3PJ<Dff{»JB(C^V^7W^ff £-ffiL 
T4D ! ai-5ii«»^co-^*^*.^-t-IilT-fe5 1> 

[1^2] (a) ^mm<D-mm\m<>x^s.=z.u~h 

irz l -oco-=ex/Ko-|IW^ffi^*i-lIT-fo 5„ ( b ) 

111 2 (a) <D*Ey/l>Oftm%7Fl-mX'fo?) 0 ( c ) 
BJco-fiiJBtc:^!, \^*coi)-7'^-x/wco-0iJ Sr*-TiaT'fo 

IIH3] ^Bjoo-fti]ffiic^v^ffl*7°y-fej;^ 
(DlhT'^x^^co-f >^ 7 ^.co— WSr^-fll"efo 

So 

[H4] *|§PJCO-ttlIffi(C^^VHDL^V>T*L 
fcf-7*^T ! ^co-^J5r*-f-!aT'fo2)„ 

[H5] *^CO-tti]ffi(^^VHDL^fflV^«L 
fciHffl*7°7- • ^Vr^X'fCO-tlilJ^-rilT-fe.So 

I® 6 ] ^liljSco-ffiiltliei^VHD L hy7° • W< 
/u . iyf ^ x w CO— 0iJ?r^-t-|aTfc5o 

[gi 7] ^m<D-\nm\m^yy-^y^y'y 
-tmx'hz> 0 

[09] *l§P^co-fflffi|^^*7°7-**y-r7'y 

m*7Ftwxhz> 0 

[010] *^co-^|lffi|c:^^^*yy-^y-Y7' 

y y ^r-^cossift^s^-t- 5co{^^t-5^aco- 

100 ayta- f^y^ • any f- 
102 ^ytfa-T^ Vi/ • h 
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104 y^±>^^^itz^— K-)x7 • ->^l/- 
>-;*^ V* 

10 6 y<i±ls*&&Xt1t^<- KpaT • 

10 8 fy^fyw 

110 iJ-fy— 

112 f-^x/^ 

1 1 4 ^7°7- 
116 

118 IS&yr^/^ 

2 0 0 Tfe^tlCO^x^ 
2 0 2 fttf^^JK— 

2 0 4 ^ n ^/V - rr.^'X'f 

2 0 6 -y-y^-xA' 

2 0 8 f-^^x/l^ 

2 10 i^^x/l' 1 <£>ft{1^ ^jK— ^ V h 

2 12 ^^jV2<Dm\^^—^> h 
2 14 Zflo • ^^r-fr-f 

2 16 ^^/V - 

[01] 



10 



* 2 1 8 
2 2 2 
2 2 4 
2 2 0 
2 2 6 
2 2 8 

2 3 0 

3 0 0 
3 0 2 
3 0 4 
3 0 6 
3 0 8 
3 10 
3 12 
3 14 
3 16 
3 18 
3 2 0 
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EXAMPLE OF VHDL SUBMODEL ENTITY: 

entity submodel ie 
port( 

clock : In stdjjloglc; 
ajnput : in sMjiloglc; 
b output : out std uioQicj 
); 

end; 



EXAMPLE OF GENERIC COUPLER ENTITY: 

entity VHDL Coupler Entity Is 
port( 

clock : in stdjjlogic; 
InpuM : out stSjiloglc; 
output 1 : In std utoglc; 
)i 

ends 



ime] 



IMS) 



EXAMPLE OF VHDL TOP LEVEL 

entity VHDLJbp_LeveI to VHDLTopJevel Is 
and: 

architecture VHDLjfbp^Level of VHDLJfbpJevel Is 
component submodel 
port( 

clock : In std^uloglc; 
ajnput ; In std_u)ogEc; 
b output : out stdjjlogte; 
)i 

end component; 

component VHDLja>up!erEntlty 
port( 

clock : in std_uloQ(c; 
InputJ : out Btdjiloglc; 
outpulj : In std uloglc; 
); 

end component; 

signal clock : in std^uloglc; 
signal InpuM : out std_uloglc; 
signal outputj : In std^utoglc; 

begin 

SUBMODEL : submodel 
port map ( 

clocfc -> clock, 
ajnput => InputJ, 
^output => outpulj 



); 

VHDLCOUPLERJNT1TY : 
portmapl 

clock, 
InpuM, 
output 1 
); 

endVHDLJTopJevel; 
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